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IMPROVING THE EFFICIENCY OF GEOTHERMAL ENERGY USE 
FOR RECREATION AND BALNEOLOGY: A CASE STUDY OF SPA 
KREMNICA 
Abstract. In Slovakia, there are 26 areas suitable for extraction of geothermal water. In the 
existing facilities the energy from geothermal waters is mainly used for agriculture, space 
heating, recreation and balneology. This case study analyses the energy balance of a spa 
located in the city of Kremnica. Although the geothermal facility is fully functional, in the 
present situation a considerable amount of energy is wasted by releasing the used geothermal 
water directly to the recipient, without fully exploiting its energy potential. We propose a 
couple of energy efficiency measures to improve the level of exploitation of the geothermal 
energy. It is shown how these energy efficiency measures can substantially influence the 
energy expenditures despite the relatively low investment costs. 
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ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ ИСПОЛЬЗОВАНИЯ 
ГЕОТЕРМАЛЬНОЙ ЭНЕРГИИ ДЛЯ ОТДЫХА И БАЛЬНЕОЛОГИИ: 
НА ПРИМЕРЕ КУРОРТА КРЕМНИЦА 
Аннотация. В Словакии имеется 26 районов, пригодных для добычи геотермальной 
воды. На существующих объектах энергия геотермальных вод в основном используется 
для сельского хозяйства, обогрева помещений, отдыха и бальнеологии. В данном статье 
анализируется энергетический баланс спа-центра, расположенного в городе Кремница. 
Хотя геотермальная установка полностью функциональна, в нынешней ситуации 
значительное количество энергии тратится впустую, высвобождая использованную 
геотермальную воду непосредственно получателю, не полностью используя ее 
энергетический потенциал. Мы предлагаем несколько мер по повышению 
энергоэффективности использования геотермальной энергии. В статье показано, как 
предлагаемые меры по повышению энергоэффективности могут существенно влиять на 
энергозатраты, несмотря на относительно низкие инвестиционные вложения. 
 
Nomenclature 
cv  Specific heat capacity of water      (kJ/(kg.K)) 
E  Useable amount of energy       (MWh) 
Eo  Amount of energy wasted, i.e. released from pools to recipient  (MWh)  
Eteo  Theoretical amount of energy supplied to the pools    (MWh) 
Eu  Useful amount of energy to the pools     (MWh) 
m  Supply flow rate of the geothermal borehole    (l/s) 
M  Useable amount of geothermal water from the borehole   (m3) 
mb  Flow rate of water supplied to the pool     (l/s) 
Mc  Volume of geothermal water used for filling and operating the pool (m3) 
mgtv  Flow rate of geothermal water to the pool     (l/s) 
Mn  Volume of geothermal water used for filling the pool   (m3) 
Mp  Volume of geothermal water used to operate the pool   (m3) 
ms  Flow rate of cold water       (l/s) 
n  Number of days when the geothermal system is in operation  (-) 
nn  Number of days required to fill the pool during the season   (-) 
np  Number of days, when is geothermal system in operation   (-) 
Q´  Energy potential of the geothermal source     (kW) 
V  Volume of the pool        (m3) 
θb  Temperature of pool water       (°C) 
θo  Borehole temperature at the head      (°C) 
θr  Reference temperature of ideally cooled waste water (equal to 15 °C) (°C) 
θs  Temperature of cool water       (°C) 
 
1 Introduction 
As the energy consumption in the world is rising, utilization of renewable 
sources to protect our environment and avoid depletion of non-renewable energy 
sources becomes increasingly important. In Slovakia, geothermal energy is one 
of the most perspective renewable energy sources due to the favourable 
hydrogeological conditions [1]. The Slovak Republic is a small country, with 
a relatively high potential for geothermal energy utilization. Within 49,035 km2 
there are 26 prospective regions and structures, including 171 drills cumulating 
geothermal water at a temperature range between 25 to 150°C, thus suitable for 
extraction. These natural reservoirs of geothermal energy are not concentrated, 
but they are distributed rather irregularly throughout the country [2, 3]. This is 
illustrated in Fig. 1, where the geothermal drills are represented by the red dots.  
 
Figure 1. The potential for geothermal energy utilization in Slovakia. The geothermal drills 
are indicated by red dots [3] 
The existing geothermal energy systems are primarily used for thermal 
swimming pools, space heating, domestic hot water and in agriculture to supply 
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heat to greenhouses and to the soil. A few applications include also the 
production of technological water for fish farming [4-6]. The present study aims 
possible improvements in the design and operation of a geothermal system for 
heat supply to a spa resort in Kremnica – a city located in the geographical heart 
of Slovakia. Although currently the heat supply system is fully functional, a 
considerable amount of energy is wasted by releasing the used geothermal water 
directly to the recipient, without fully exploiting its energy potential. A couple 
of low-cost improvements are suggested to help improve the level of 
exploitation of the geothermal energy. The study reveals how even a relatively 
low-cost improvement can have a substantial impact on the efficiency of 
geothermal energy utilization. 
2 Characteristics of the geothermal system and pools 
Spa Kremnica contains five pools operated during 76 days over the 
summer season. The pools are filled with geothermal water, supplied from a 
borehole 1500 m deep. The water temperature at the head of the borehole is 47 
°C and the flow rate is 23.2 l/s. Part of the geothermal water is stored in a 
storage vessel as a reserve to cover any drifts in the demand. Before it is 
supplied to the pools, the warm water from the borehole is mixed with cool 
water to obtain the temperature desired. The potential heat output of the 
geothermal bore is 3 108 kW, which means the heating potential of 5 670 MWh 
per season. The operation scheme of the geothermal heat supply system is 
shown in Fig. 2. The relevant characteristics of the geothermal heat supply 
system for Spa Kremnica are summarized in Table 1 for the five types of pools 
available to the visitors. 
 
Figure 2. Operation scheme of the geothermal heat supply system in Spa Kremnica 
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Table 1  
Characteristics of the pools 
















Sitting 6 6 1.2 - 43 36  1 
Swimming 50 20 2.2 - 2200 27  1 
Recreational 48 20 1.4 - 1344 30  1 
Children < 3 
years - - 0.3 8 15 33  7 
Children > 3 
years 16 7 0.6 - 67 33  2 
 
3 Energy analysis of the geothermal heat supply system 
The algorithm to calculate the energy balance of the geothermal heat 
supply system includes the equations as follows: 
Energy potential of the geothermal source 
𝑄𝑄´ = 𝑉𝑉 ∗ 𝜌𝜌 ∗ 𝑐𝑐𝑣𝑣 ∗  (𝜃𝜃𝑜𝑜 −  𝜃𝜃𝑟𝑟) = 𝑚𝑚 ∗  𝑐𝑐𝑣𝑣 ∗  (𝜃𝜃𝑜𝑜 − 𝜃𝜃𝑟𝑟) (1) 
Useable amount of energy 
𝐸𝐸 = 24 ∗  𝑄𝑄´ ∗  𝑛𝑛 1000⁄  (2) 
Useable amount of geothermal water from the borehole 
𝑀𝑀 = 24 ∗  𝑛𝑛 ∗  𝑚𝑚 ∗  𝑉𝑉 ∗  3600 1000⁄  (3) 
Flow rate of water supplied to the pool 
𝑚𝑚𝑏𝑏 = 0.5 ∗  2 ∗  𝑉𝑉 (24 ∗  3600) ⁄  (4) 
Flow rate of geothermal water for the pool  
𝑚𝑚𝑔𝑔𝑔𝑔𝑣𝑣 = 𝑚𝑚𝑏𝑏 ∗  (𝜃𝜃𝑏𝑏 −  𝜃𝜃𝑠𝑠) ∗  1.15 (𝜃𝜃𝑜𝑜 − 𝜃𝜃𝑠𝑠)⁄  (5) 
Flow rate of cold water for the pool 
𝑚𝑚𝑠𝑠 = 𝑚𝑚𝑏𝑏 −  𝑚𝑚𝑔𝑔𝑔𝑔𝑣𝑣 (6) 
Volume of geothermal water used for filling the pool  
𝑀𝑀𝑛𝑛 = 𝑉𝑉𝑏𝑏 ∗  𝑛𝑛𝑛𝑛 ∗  𝑚𝑚𝑔𝑔𝑔𝑔𝑣𝑣 𝑚𝑚𝑏𝑏⁄  (7) 
Volume of geothermal water used to operate the pool  
𝑀𝑀𝑝𝑝 = 𝑚𝑚𝑔𝑔𝑔𝑔𝑣𝑣 ∗ 𝑛𝑛𝑝𝑝 ∗  3.6 ∗  24 (8) 
The total amount of GTW used for filling the pools and their operation 
 4 
𝑀𝑀𝑐𝑐 = 𝑀𝑀𝑝𝑝 +  𝑀𝑀𝑛𝑛 (9) 
Theoretical amount of energy supplied to the pools 
𝐸𝐸𝑔𝑔𝑡𝑡𝑜𝑜 =  𝑀𝑀𝑐𝑐 ∗ 𝑐𝑐𝑣𝑣 ∗  (𝜃𝜃𝑜𝑜 − 𝜃𝜃𝑟𝑟) 3600⁄  (10) 
Useful amount of energy to the pools 
𝐸𝐸𝑢𝑢 =  𝑀𝑀𝑐𝑐 ∗  𝑐𝑐𝑣𝑣 ∗  (𝜃𝜃𝑜𝑜 − 𝜃𝜃𝑏𝑏) 3600 ⁄  (11) 
Amount of energy wasted, i.e. released from pools to recipient 
𝐸𝐸𝑜𝑜 =  𝑀𝑀𝑐𝑐 ∗  𝑐𝑐𝑣𝑣 ∗  (𝜃𝜃𝑏𝑏 − 𝜃𝜃𝑟𝑟) 3600⁄  (12) 
Tables 2 and 3 show details of the energy balance and some of the 
boundary conditions assumed in the calculations. The theoretical energy (eq. 10) 
presents the maximum amount of energy that could be used if there was no 
energy wasted. The part of theoretical energy that can be utilized for the pools in 
the reality is called the useful energy. Part of the energy is used as a reserve. The 
reserve presents the amount of energy contained in the geothermal water stored 
in a reservoir to cover sudden changes in the geothermal water demand. The key 
data of the energy balance are shown in Fig. 3. Major part of the energy is used 
for the recreational pool, where also most of the energy is wasted. Thus, the 
potential for energy saving in the recreational pool is most significant among all 
the pools. 
 
Table 2  
Energy analysis of Spa Kremnica 














operation Mn + Mp  
θo, °C θS, °C θb, °C Mn, m³ Mp, m³ 
Mc 
 (m³)  (%) 
Sitting pool 47 12 36 385 5 599 5 984 3.9 
Swimming pool 47 12 27 12 257 5 940 18 197 11.9 
Recreational pool 47 12 30 8 986 43 546 52 531 34.5 
Children < 3 years 47 12 33 91 2 117 2 208 1.4 
Children > 3 years 47 12 33 524 15 247 15 765 10.3 
Sum           94 865 62.2 
Reserve           57 656 37.8 
Sum + Reserve           152 340 100 
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Table 3  
Energy analysis of Spa Kremnica 
Type of pool 
Theoretical energy Useful  energy 
Energy  
wasted 
Eteo Eu Eo 
(MWh) (%) (MWh) (%) (MWh) (%) 
Sitting pool 223 3.9 77 1.4 146 2.5 
Swimming pool 677 11.9 423 7.5 254 4.4 
Recreational pool 1 955 34.5 1039 18.3 916 16.2 
Children < 3 years 82 1.4 36 0.6 46 0.8 
Children > 3 years 587 10.3 257 4.5 330 5.8 
Sum 3 524 62.2 1 831 32.3 1 693 29.9 
Reserve 2 146 37.8         
Sum + Reserve 5 670 100         
 
 
Figure 3. Key variables of the energy balance for the individual pools 
4 Suggestion of improvements in design and operation of the geothermal 
system 
With respect to the present design of the geothermal heat supply facility, 
as shown in Fig. 2, and the high amount of energy wasted (Fig. 3), we can 
conclude that there is a significant potential to increase the lifetime of the 
system and its efficiency. This can be achieved by two modifications, as 
illustrated in Fig. 4: 
– (1) Reduce the flow rate of geothermal water from the borehole from 23.2 
l/s to 15 l/s.  
– (2) Add a heat exchanger to extract heat from the waste water before it is 
released to the recipient. Through this heat exchanger, the heat from the 
waste water preheats the cool water to 25 °C. The pre-heated water is 
subsequently mixed with the warm geothermal water, which allows to 








Theoretical energy 3.9% 11.9% 34.5% 1.4% 10.3%
Useful energy 1.4% 7.5% 18.3% 0.6% 4.5%











example, for the recreational pool this means a reduction in the geothermal 
water from 8 l/s (Fig. 2) to only 3 l/s (Fig. 4). This means 62 % less 
geothermal water needed for the pool.  
The benefits of the two modifications can be summarized as follows: 
– Monetary savings due to the reduced amount of heat drawn from the 
borehole 
– Increase in the lifetime of the borehole and the technical equipment 
– Lower temperature of the waste water released to the recipient means less 
negative effects on the environment and a lower fee for releasing the waste 
water 
– Smaller equipment and less energy losses. 
 
Figure 4. Operation scheme of the geothermal system after modifications 
According to Fig. 3, a major part of the energy is consumed for the 
recreational pool, whereas for the children <3 years pool and the sitting pool the 
energy consumption is almost negligible. The potential for improvement of the 
energy efficiency by the suggested modifications is therefore demonstrated for 
the recreational pool.  
 
Figure 5. Energy balance of recreational pool in present condition and after modifications 
Figure 5 shows that after the modification the energy wasted can be 
reduced to only a fraction of its present value. Owing to the installation of the 
heat exchanger, utilization of the geothermal water increases from 53 % (Euseful) 
up to 84 % (Euseful + Erecuperated). This is because the heat exchanger is able to 
 7 
recuperate 31 % of the energy that would be otherwise wasted. The share of the 
energy wasted on the overall energy budget is reduced to only 16 %. The energy 
saved can be used to increase the reserve if needed. 
5 Conclusion 
In the present condition, Spa Kremnica is using diluted geothermal water 
from a borehole 1 500 m deep, with the head temperature of 47°C and the 
supply flow rate of 23.2 l/s. The energy analysis has shown that the operation 
efficiency of the Spa can be improved by implementing two relatively simple 
modifications to the system: (1) reduce the flow rate from the borehole to 15 l/s, 
and (2) add a heat exchanger to extract the heat from the waste water before it is 
released to the recipient. For the recreational pool, which consumes the most 
energy from all the pools, this would mean a substantial reduction of geothermal 
water by 62 %. Simultaneously, the utilization of the geothermal energy 
increases by more than 30 %. This study has pointed out that even relatively 
low-cost improvements can have a substantial effect on the efficiency of 
geothermal energy utilization. 
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